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ABSTRACT 

/8%0 
To obtain accurate analyses of metals and alloys with the most widely 

used technique of spectrographic analysis, i.e., the point-to-plane spark 
technique, the standards and the unknown material must be quite similar in 
size, shape, chemical composition, and metallurgical state. By dissolving 
the sample and using the vacuum cup spark technique to analyze the solution, 
these limitations can be circumvented. Standards can be synthesized easily 
by mixing aliquots of master reference solutions. 
also offers the possibility of adding an internal standard and, thereby, 
obtaining a wider selection of reference lines to use in the analysis. 

The solution technique 

The solution spectrographic method has been investigated and applied 
to a wide variety of analytical problems at this Center. 
the procedure €or the determination of manganese, zirconium, magnesium, 
vanadium, titanium, and iron in types 2219 and 2319 aluminum alloy is 
presented. 
are precise to 20.005% in the concentration ranges involved. 

As an example, 

The results agree with the results of classical wet methods and 
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TECHNICAL MEMORANDUM x-53192 

SPECTROGRAPHIC SOLUTION ANALYSIS OF ALUMINUM ALLOYS 

SUMMARY 

To ob ta in  accura te  analyses 
used technique of spectrographic  
technique,  t he  s tandards  and the  

of m e t a l s  and a l l o y s  with the  most widely 
ana lys i s ,  i. e . ,  t h e  point- to-plane spark 
unknown ma te r i a l  must be q u i t e  s i m i l a r  i n  - -  

s i z e ,  shape, chemical composition, and meta l lurg ica l  s t a t e .  By d i s so lv ing  
t h e  sample and using t h e  vacuum cup spark technique t o  analyze the  s o l u t i o n ,  
these  l i m i t a t i o n s  can be circumvented. Standards can be synthesized e a s i l y  
by mixing a l iquo t s  of master re ference  so lu t ions .  The s o l u t i o n  technique 
a l s o  o f f e r s  t he  p o s s i b i l i t y  of adding an i n t e r n a l  s tandard and, thereby,  
ob ta in ing  a wider s e l e c t i o n  of reference l i n e s  t o  use i n  t h e  ana lys i s .  

The s o l u t i o n  spectrographic  method has been inves t iga ted  and appl ied 
t o  a wide v a r i e t y  of a n a l y t i c a l  problems a t  t h i s  Center.  A s  an example, 
t h e  procedure f o r  t he  determinat ion of manganese, zirconium, magnesium, vanadium, 
t i t an ium,  and i r o n  i n  types 2219 and 2319 aluminum a l l o y  is  presented.  The 
r e s u l t s  agree with t h e  r e s u l t s  of c l a s s i c a l  w e t  methods and a r e  p rec i se  t o  
20.005% i n  t h e  concentrat ion ranges involved. 

L 

INTRODUCTION 

Chemical analyses of a wide va r i e ty  of aluminum a l l o y s  a r e  e s s e n t i a l  
i n  t he  research  and development on mater ia l s  fo r  space veh ic l e s .  The most 
widely used method f o r  the spectrographic  ana lys i s  of aluminum a l l o y s  i s  
t h e  point- to-plane spark technique, i . e . ,  t h e  sample i s  made one e l ec t rode ,  
and a cone-tipped e l ec t rode  is t h e  o ther .  A spark t o  the  f l a t  sur face  of 
t h e  sample v o l a t i l i z e s  some of t h e  mater ia l  and produces the  spectrum. This 
method has  been used a t  t h i s  Center f o r  s eve ra l  years .  

To ob ta in  accura te  r e s u l t s  with the point- to-plane technique, t h e  
s tandards  and t h e  unknown must be qui te  s i m i l a r  i n  composition, s i z e ,  shape, 
and me ta l lu rg ica l  s t a t e ,  and both must be f r e e  of segrega t ion .  Segregat ion 
is  e s p e c i a l l y  troublesome s ince  only a small amount of sample i s  a c t u a l l y  
v o l a t i l i z e d .  I f  t he  s i z e  o r  shape of the sample d i f f e r s  appreciably from 
the  s tandard ,  the  r a t e s  of v o l a t i l i z a t i o n  of c e r t a i n  elements a l s o  d i f f e r ,  
and krroaeous r e s u l t s  may be obtained.  
r equ i r e s  a l a r g e  number of s tandards for a n a l y s i s .  Furthermore, ob ta in ing  
and/or preparing the  necessary standards i s  o f t e n  d i f f i c u l t ,  t i m e  consuming, 
and expensive.  

Thus, a wide v a r i e t y  of samples 



A recent  development i n  the  f i e l d  of spectrographic  a n a l y s i s  i s  t h e  
s o l u t i o n  method. F i r s t ,  t he  s o l i d  sample i s  d i s so lved  i n  an appropr i a t e  
a c i d ,  and the r e s u l t i n g  s o l u t i o n  then i s  i n j e c t e d  i n t o  the  spark.  Placing 
the  sample in  s o l u t i o n  e l imina te s  many problems r e l a t i n g  t o  s i z e ,  shape, 
me ta l lu rg ica l  s t a t e ,  and segregat ion.  Also, t o  e s t a b l i s h  working curves,  
s tandards of s imilar  composition can be e a s i l y  and quickly prepared by mixing 
a l i q u o t s  from standard s o l u t i o n s  of the elements being determined. 

I n  s o l i d  samples of aluminum a l l o y s ,  t he  aluminum spectrum f requen t ly  
i s  used a s  t h e  i n t e r n a l  s tandard.  However, t he  re la t ive  s i m p l i c i t y  of t h e  
aluminum spectrum severely l i m i t s  t he  ind iv idua l  l i n e s  which can be used f o r  
t h i s  purpose. Because of t he  l a c k  of aluminum l i n e s  i n  the  wavelength 
regions des i r ed ,  n i c k e l  and chromium have been used by personnel of t h i s  
Center.  Another s i g n i f i c a n t  advantage of t he  s o l u t i o n  method i s  t h a t  i t  
provides a very wide range of elements which can be s e l e c t e d  f o r  use a s  
t he  i n t e r n a l  s tandard.  

Some app l i ca t ions  i n  which the  s o l u t i o n  method of a n a l y s i s  has been 
used by t h i s  Center include the  following determinat ions:  (1) lead i n  
aluminum, (2) s i lver  i n  aluminum, (3) t i n  i n  aluminum, ( 4 )  z i n c ,  magnesium, 
chromium, manganese, t i tanium, copper, i r o n ,  and beryl l ium i n  5000 and 7000 
s e r i e s  aluminum a l l o y s ,  and ( 5 )  vanadium, manganese, magnesium i r o n ,  
zirconium, and t i tanium i n  types 2219 and 2319 aluminum a l l o y s .  I n  t h e  f i r s t  
four  app l i ca t ions ,  n i cke l  was used as an i n t e r n a l  s tandard.  I n  the a n a l y s i s  
of 2219 and 2319 aluminum a l l o y s ,  chromium was used as t h e  i n t e r n a l  s t anda rd .  
Except f o r  the s i l ve r  determination, hydrochlor ic  acid followed by n i t r i c  
acid was used t o  d i s s o l v e  the  sample. If t i n  were p re sen t ,  the amount of 
n i t r i c  ac id  used w a s  held t o  the  minimum required t o  d i s s o l v e  the copper. 
The samples containing s i l v e r  were dissolved i n  d i l u t e  n i t r i c  ac id .  

Detailed d e s c r i p t i o n s  of a l l  of these analyses  are 'beyond t h e  scope of t h i s  
r e p o r t  and, t he re fo re ,  w i l l  no t  be included. A f u l l  d e s c r i p t i o n  of t he  a n a l y s i s  
of 2219 and 2319 aluminum a l l o y s  i s  presented t o  exemplify the  method. 

EXPERIMENTAL PROCEDURE FOR 2219 AND 2319 ALUMINUM ALLOYS 

Prepa ra t ion  of Master Solut ions 

a.  Copper Master So lu t ion  - Dissolve 6.300 grams of e l e c t r o l y t i c  
copper i n  50 m l  concentrated n i t r i c  a c i d ,  and d i l u t e  t he  s o l u t i o n  t o  
1 l i t e r .  

b .  Vanadium Master So lu t ion  - Dissolve 0.3571 grams of vanadium 
pentroxide i n  50 m l  of 1:l hydrochlor ic  a c i d ,  and d i l u t e  the s o l u t i o n  t o  
1 l i t e r .  
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c. Zirconium Master So lu t ion  - Dissolve 0.5299 of zirconium 
oxychloride octahydrate  i n  50 m l  of 1:l hydrochlor ic  ac id ,  and d i l u t e  
t he  s o l u t i o n  t o  1 l i t e r .  

d.  
oxide i n  
1 l i ter .  

e. 
ammonium 
s u l f u r i c  

f .  
i n  15 m l  

Mamesium Master Solu t ion  - Dissolve 0.1658 grams of magnesium 
50 m l  of 1:l hydrochlor ic  ac id ,  and d i l u t e  the  s o l u t i o n  t o  

I r o n  Master Solu t ion  - Dissolve 0.7023 grams of f e r rous  
s u l f a t e  hexahydrate i n  50 m l  water  and 5 m l  of concentrated 
ac id ,  and d i l u t e  the  so lu t ion  t o  100 m l .  

Titanium Master So lu t ion  - Dissolve 0.1668 grams of t i t an ium dioxide 
of concentrated s u l f u r i c  acid and 5 grams of ammonium s u l f a t e ,  

and d i l u t e  t h e  s o l u t i o n  t o  100 m l .  

g .  Manganese Master So lu t ion  - Dissolve 0.9231 grams of manganous 
s u l f a t e  monohydrate i n  50 m l  of 1 : l h y d r o c h l o r i c  ac id ,  and d i l u t e  t he  
s o l u t i o n  t o  1 l i t e r .  

h.  Chromium Master So lu t ion  - Dissolve 49.03 grams of potassium 
dichromate i n  water, and d i l u t e  t o  1 l i t e r .  

i. Standard Solu t ions  - A t  the t i m e  t h i s  method was developed, no 
high p u r i t y  aluminum w a s  a v a i l a b l e  l o c a l l y ;  t he re fo re ,  a sample of aluminum 
of known composition, Alcoa Standard Aluminum.SS1075, w a s  used. Correct ions 
w e r e  made f o r  the amounts of var ious elements present  i n  t h e  aluminum a s  
shown i n  Table I. The s tandard so lu t ions  w e r e  made i n  the  following manner: 
Weigh th ree  0.9315 gram + 0.1 mg samples of Alcoa aluminum standard SS1075D; 
add 20 m l  of 1:l hydrochior ic  ac id  t o  each, and warm gent ly .  Af te r  the  
evo lu t ion  of hydrogen ceases, add 5 m l  of concentrated n i t r i c  a c i d ,  and b o i l  
u n t i l  the  copper d i s so lves .  To each of the  so lu t ions ,  add 20 m l  of the  
chromium so lu t ion .  Standards a r e  prepared by using these  s o l u t i o n s  and 
adding a l i q u o t s  of t he  master so lu t ions  a s  shown i n  Table I. 

Apparatus 

The following equipment was used: Bausch & Lomb Li t t row spectrograph,  
A.R.L. microdensitometer, e lec t rodes  (U.C.P. type 6010 with  Teflon cup and 
cone t ipped counter  e l e c t r o d e ) ,  and A.R.L. automatic developing machine. 

Spectrographic  Procedure 

Place 1-1/2 m l  of the  s tandard s o l u t i o n  i n  the  Teflon cup around t h e  
e l ec t rode  ( P l a t e  I), and spark the  s o l u t i o n  using the  condi t ions  shown i n  
Table 11. Each of the  three standard so lu t ions  i s  run  i n  t r i p l i c a t e .  

3 



, 

I The p la t e s  a r e  processed i n  an automatic developing machine f o r  3 
minutes a t  20°C i n  Kodak D - 1 9  developer,  30 seconds i n  3% a c e t i c  a c i d ,  and 
3 minutes i n  Kodak r ap id  f i x ,  washed 3 minutes i n  running wa te r ,  and then 
d r i ed  i n  a stream of w a r m  a i r .  

The transmissions of the l i n e  p a i r s  l i s t e d  i n  Table I11 a r e  r ead ,  and 
the  i n t e n s i t y  r a t i o s  a r e  determined by using an emulsion c a l i b r a t i o n  curve t h a t  i s  
e s t a b l i s h e d  with a r o t a t i n g  s t e p  s e c t o r .  The i n t e n s i t y  r a t i o  versus  percent  
of element i s  p l o t t e d  f o r  each (FIG 1 through 6 ) .  (A background c o r r e c t i o n  
w a s  made on the zirconium l i n e . )  These p l o t s  w i l l  be used t o  determine 
the  concentrat ions f o r  unknown samples of 2219/2319 aluminum a l l o y s .  

Analysis of Unknown (Test)  Samples of 2219/2319 Aluminum Alloys 

Dissolve 1.000 gram of the  t e s t  a l l o y  i n  20 m l  of 1:l hydrochlor ic  
a c i d .  Af t e r  the evo lu t ion  of hydrogen ceases ,  add 5 m l  of concentrated 
n i t r i c  a c i d ,  and h e a t  t o  d i s s o l v e  the  r e s idue  o f  copper. Add 20 m l  of 
t h e  chromium master s o l u t i o n ,  t r a n s f e r  t o  a 100 m l  volumetric f l a s k ,  d i l u t e  
t o  the  mark, and mix w e l l .  Spark 1 . 5  'to 2 m l  of the sample s o l u t i o n  under 
the same conditions as the s tandard s o l u t i o n s .  Determine the i n t e n s i t y  
r a t i o s .  The percent of each element i s  determined from t h e  working 
curves of i n t e n s i t y  r a t i o s  versus  concentration.7t 

Accuracy and Precis ion 

Two d i f f e r e n t  samples were analyzed t o  check p r e c i s i o n .  Three s o l u t i o n s  
of each sample were prepared, and each of t hese  s o l u t i o n s  was analyzed i n  
t r i p l i c a t e .  
The s tandard dev ia t ion  and the percent d e v i a t i o n  from the average were c a l c u l a t e d ,  
and the  r e s u l t s  are shown i n  Table I V .  The d a t a  show t h a t ,  i n  analyzing f o r  
c o n s t i t u e n t s  normally present  from 0 .1  t o  0.2% (by wt)  i n  aluminum a l l o y s ,  
the dev ia t ion  w i l l  range from 2 t o  5% of the value determined, i . e . ,  f o r  
0.100% of X ,  the p rec i s ion  normally i s  $0.002 t o  0.005%. The apparent ly  
high percent dev ia t ion  o f  the magnesium a n a l y s i s  i s  due t o  the extremely low 
concentrat ion.  Even a t  t h i s  low va lue ,  1 .8  ppm, the  d e v i a t i o n  i s  only 20.4 ppm. 

From t h e  working curves,  the amount of each element was determined. 

With r e spec t  t o  accuracy, a n a l y s i s  of a s o l u t i o n  of a n  aluminum a l l o y  
by both the  spectrographic and c l a s s i c a l  w e t  methods gave the  r e s u l t s  shown i n  
Table V .  The agreement between r e s u l t s  was e x c e l l e n t ,  gene ra l ly  b e t t e r  than 
3% of the actual  value i n  the  range of 0.1 t o  0.4%. 

+;Spectrographic methods do no t  give s u f f i c i e n t  accuracy t o  s a t i s f y  the  
requirements fo r  the determinat ion of copper when i t  i s  p re sen t  a t  approximately 

I s i x  percent .  Therefore ,  no d a t a  f o r  copper a r e  given. 
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CONCLUSIONS 

The s o l u t i o n  technique of sample prepara t ion  f o r  ana lys i s  provides 
an e x c e l l e n t  and rap id  method f o r  use with aluminum a l loys  normally 
employed i n  the  Sa turn  program. 

P rec i s ion  of analyses  t y p i c a l  a l loys  2219/2319 ranged from 2 t o  5% 
(by w t )  of t he  va lue  determined; i .e. ,  f o r  0.100% X,  t he  r e s u l t  w i l l  be 
p rec i se  t o  9.002 t o  +0.005%. 

Analysis of a sample by both t h e  s o l u t i o n  spectrographic  and c l a s s i c a l  
w e t  methods of ana lys i s  showed exce l l en t  agreement between r e s u l t s  ( i . e . ,  
accuracy) ,  genera l ly  b e t t e r  than 3% of t he  va lue  determined i n  the  range of 
0.1 t o  0.4% cons t i t uen t  i n  the  a l loy .  As a general  approach t o  t h e  ana lyses  of 
aluminum a l l o y s ,  t h i s  method i s  recommended f o r  use  i n  l a b o r a t o r i e s  where 
s u i t a b l e  s tandards a r e  not  a v a i l a b l e  o r  where a l a r g e  v a r i e t y  of aluminum 
samples are rece ived ,  p a r t i c u l a r l y  i f  t h e  spectrographer  has  l i t t l e  con t ro l  
over t h e  s i z e ,  shape, and meta l lurg ica l  condi t ion  of t h e  sample.. Other 
i n t e r n a l  s tandards can be used i f  the  sample conta ins  chromium o r  i f  chromium 
i n t e r f e r e s .  Nickel may be used as an  i n t e r n a l  s tandard i n  the  analyses  of 5000 
and 7000 series a l l o y s .  

5 



TABLE I 

PREPARATION OF STANDARD SOLUTIONS FOR ANALYSIS OF 2219/2319 ALUMINLJM 
ALLOYS - INTERNAL STANDARD ALIQUOTS 

M i l l i l i t e r s  Grams from Percent 
Standard of Master Grams from Aluminum To ta l  of To ta l  
So lu t ion  Element Solut ion Master So lu t ion  Master Solution+: Grams Weight 

Copper 
Manganese 
Vanadium 
Zirconium 
Ma gne s ium 
T it an ium 
I r o n  
S i l i c o n  
Aluminum 

Copper 
Manganese 
Vanadium 
Zirconium 
Ma gne s ium 
Titanium 
I r o n  
S i l i c o n  
Aluminum 

Copper 
Manganese 
Vanadium 
Zirconium 
Ma gne s ium 
Titanium 
I r o n  
S i l i c o n  
Aluminum 

10.0 
10.0 

5.0 
10.0 

1.0 
1 . 5  
0 
0 
- 

8.0 
15.0 

2.5 
5.0 
0.5 
1.0 
1 . o  

0 - 
12.0 

5.0 
10.0 
15.0 

0.2 
2.0 
2.0 

0 - 

.0630 

.0030 

. 0010 

.0015 

. O O O l  

.0015 
0 
0 - 

.0504 

.0045 

.0005 

.00075 

.00005 

. O O l O  

. 0010 
0 - 

.0756 

.0015 

.0020 

.00225 

.00002 

.0020 

.00201 
0 - 

0.00007 
0.00001 

0 
0 
0 

0.00005 
0.00098 
0.00060 
0.9298 

0.00007 
0.00001 

0 
0 
0 

0.00005 
0.00010 
0.00060 
0.9298 

0.00007 
0.00001 

0 
0 
0 

0.00005 
0.00096 
0.00060 
0.9298 

0.06307 
0.003 01 
0.0010 
0.0015 
0.0001 
0.00155 
0.00098 
0.00060 
0.9298 

0.05047 
0 I 00451 
0.0005 
0.00075 
0.00005 
0.001 05 
0.00200 
0.00060 
0.9298 

6.30 
0.30 
0.10 
0.15 
0.010 
0.155 
0.098 
0.060 - 

5.80 
0.46 
0.051 
0.076 
0.0051 
0.106 
0.202 
0.061 

- 
0.07567 7 .57  
0.00151 0.151 
0.0020 0.20 
0.00225 0.225 
0~00002  0.002 
0.00205 0.205 
0.00297 0.297 
0.00060 0.060 
0.9298 - 

9C Original  amounts of each element i n  s o l u t i o n  of a l l o y  before  a d d i t i o n  of 
i n t e r n a l  standard a l i q u o t s .  
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TABLE I1 

SPECTROGRAPHIC CONDITIONS FOR ANALYSES OF 2219/2319 
ALUMINUM ALLOYS 

Excitation 
Powerstat setting 
R. F . amperage 
Inductance 
Capacitance 
Secondary resistance 
Discharges per 1/2 cycle 
Auxiliary gap 
Analytical gap 
Exposure 
Pre-spark 
Spectrograph slit width 
Source-to-slit distance 
Spectrograph range 

Reference Line 

2924.02 VI1 
2939.30 Mn 
2824.37 Cu I 
2795.53 Mg I1 
2599.40 Fe I1 
3234.52 Ti I1 
3273.05 Zr I1 

8.c. Spark 
8 
6.0 amps 
100 micro henries 
.0050 microfarads 
0 
4 
4 m  
3mm 
75 seconds 
5 seconds 
20 microns 
14.5 inches 
255OAO to 3550A' 

TABLE 111 

LINE PAIRS 

Internal Standard Line 

2922.45 Cr 
2922.45 Cr 
2922.45 Cr 
2922.45 Cr 
2922.45 Cr 
2922.45 Cr 
2922.45 Cr 
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TABLE I V  

PRECIS I O N  

SAMPLE A 

E 1 erne n t 

I ron  
Ma gne s ium 
Manganese 
T i t  anium 
Vanadium 
Zirconium 

SAMPLE B 

Element 

I ron  
Ma gne s ium 
Manganese 
Titanium 
Vanadium 
2 irconium 

SAMPLE I 

Average Percent Standard Percent  Deviat ion 
P r  e sen t  7: Deviat ion of Resul t  

0.195 0.011 4 . 5  
0.0018 0.00044 2 2 . 2  
0.37 0.025 5 . 1  
0.125 0.010 4 . 1  
0.106 0 .006  3 . 8  
0.097 0.002 1 . 9  

SAMPLE I1 

Average Percent Standard Percent Deviat ion 
P r  e sen t  ;’: Deviat ion of Resul t  

0.143 0.009 3 . 3  
0.00054 0 .  ccc12 20.4  
0.27 o.or i  3.7  
0 .214 0.011 4 . 6  
0.098 0.006 5 . 1  
0.165 0.010 5 . 6  

-1. 

“ T r i p l i c a t e  determinations 

TABLE V 

ACCURACY 

Percent Found Percent Found Percent Difference 
Element Chemically Spec t rographica l ly  Dif fe rence  of Values 

I r o n  0.146 0.143 0.003 2 . 0  
Manganese 0.260 0 .270  0.010 3 . 7  
I ron  0.196 0 .195 0.001 0 . 5  
Manganese 0.370 0.370 0.000 0 . 0  
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